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ABSTRACT
Thecharacteristicsofsleepinheadachepatients
SeungHyunYoon,D.D.S.
DepartmentofOralmedicine/Dentalscience
TheGraduateschool,YonseiUniversity
(DirectedbyProf.Hyung-JoonAhn,D.D.S.,M.S.D.,Ph.D.)
Background:Therelationshipbetweenheadacheandsleephasbeeninvestigated
bymanystudies,butitremainscontroversialandpoorlyunderstood.
Objectives:Thisstudyinvestigatedtherelationshipbetweenheadacheandsleep
byevaluatingsleepquality,daytimesleepiness,and specificfeaturesrelatedto
sleep-disorderedbreathing(SDB).
Method:A totalof101subjectssuferingfrom headacheand128healthycontrols
wereenroled.In ordertocolectinformation on variousaspectsofheadache
atacks,those in the headache group completed a self-reported questionnaire
about the characteristics of headache atacks and the Migraine Disability
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Assessment(MIDAS)questionnaire.Thesubjectivequalityofsleepwasevaluated
in al ofthe subjectsusing the Pittsburgh Sleep Quality Index (PSQI)and
Epworth SleepinessScale(ESS).In addition,thefolowing specificfeaturesof
sleep were evaluated in 28 subjects selected randomly from each group:
apnea-hypopnea index (AHI),prevalenceofSDB,nocturnaloxygen saturation
(SaO2),and oxygen desaturation index (ODI)asmeasured using a portable
monitoringdevice(ApneaLinkTM,ResmedInc.,Poway,California,USA).
Results:
1.Sleep qualitywassignificantly associated with headache.TheglobalPSQI
and the prevalence ofpoorsleeping (globalPSQI>5)were significantly
higherintheheadachegroupthaninthecontrolgroup(bothp<0.0001).
2.Daytimesleepinesswassignificantly associated with headache.ESSscores
andtheprevalenceofdaytimesleepiness(ESSscore>10)weresignificantly
higherintheheadachegroupthaninthecontrolgroup(bothp<0.0001).
3.Sleepqualitywassignificantlyassociatedwithheadacheseverity.Themean
scoresonthenumericalratingscaleandtheMIDASweresignificantlyhigher
in the poor-sleepergroup than in the good-sleepergroup (p=0.0347 and
p=0.0016,respectively).However,daytime sleepiness was notsignificantly
associatedwithheadacheseverity.
4.Headache chronicity was significantly associated with sleep quality and
daytimesleepiness.TheglobalPQSIand prevalenceofdaytimesleepiness
were significantly higher in the chronic-headache group than in the
acute-headachegroup(p=0.0003andp=0.0312,respectively).However,morning
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headache was notsignificantly associated with sleep quality ordaytime
sleepiness.
5.The AHI,ODI,prevalence ofSDB,and nocturnalSaO2 did notdiffer
significantlybetweentheheadacheandcontrolgroups.
6.The AHI,ODI,prevalence ofSDB,and nocturnalSaO2 did notdiffer
significantlybetween themorning-headachegroup and no-morning-headache
group.
Conclusion:Theobtained resultsindicatethatthereisasignificantassociation
betweenheadacheandsleep.Amongvariouscharacteristicsofheadache,severity
and chronicity were significantly associated with sleep quality and daytime
sleepiness,while no statisticaly significantassociation was evidentbetween
headacheandnocturnalhypoxiaorSDB.
Keywords:headache,sleepquality,daytimesleepiness,nocturnalhypoxia,sleep
disorderedbreathing.
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DepartmentofOralMedicine/DentalScience,
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SeungHyunYoon,D.D.S.
I.Introduction
There are many reportson the relationship between sleep and pain.This
relationship mightbereciprocal,with pain disturbingboth thecontinuityand
quality ofsleep.Also,poorsleep exacerbatespain (Smith & Haythornwaite,
2004).Headacheisoneofthemostcommon,widespread,anddebilitatingpain
disordersexperiencedbyhumans.Thelifetimeprevalencesofheadacheofany
typeinmenandwomenareupto93% and99%,respectively(Rasmussenetal.,
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1991).Therelationshipbetweensleepandheadachehasbeenwidelystudiedfor
morethanacentury,andmanypopulationsurveyshavefoundanassociation
betweensleepandheadache.Itiswelknownthatasoundsleepcanaleviate
headache,andthatsleepdisturbancesorachangeinsleeppaternscantrigger
headache (Rasmussen,1993;Silberstein,2001).Reciprocaly,headache might
inducevariousdegreesofsleep disruption and sleep disturbances(Sahota&
Dexter,1990;Inamoratoetal.,1993;Paivaetal.,1995).Manyclinicalstudiesalso
suggestedthattherearenumeroussleepdisordersrelatedtoprimaryheadache
syndromes,amongwhichobstructivesleepapnea(OSA)appearstobethemost
stronglyrelatedtoheadache,especialymorningheadache(Rains& Poceta,2005,
2006).The prevalence ofheadache isreportedly significantly higherin OSA
patientsthaninthegeneralpopulation(Aldrich& Chauncey,1990;Jennum &
Sjol,1994;Poceta& Dalesio,1995;Paivaetal.,1997;Lohetal.,1999).Inthe
InternationalClassification ofHeadacheDisorders–second edition (ICHD-II)of
theInternationalHeadacheSociety,thereisspecificcodefor"headacheatributed
tosleepapnea".Also,theInternationalClassificationofSleepDisorders(ICSD)
listsmorningheadacheasafeatureofOSA syndrome(ICSD-revised,1997).
Some hypotheses have been proposed for explaining the relation between
headacheandOSA.Someauthorshavereportedthatfluctuationinthenocturnal
oxygen saturation (SaO2)decreases the sleep quality and triggers headache
(Sugitaetal.,1985;Jennum & Borgesen,1989;Jennum & Jensen,2002;Diomedi
etal.,1998;Dodick etal.,2003).Loh etal.(1999)suggested thatoxygen
desaturation in OSA patientscausescerebralvasodilation,and thatthiscan
induceheadache.
However,otherstudieshaveobtained conflicting results.Someauthorshave
reportednorelationbetweenmorningheadacheandOSA (Aldrich& Chauncey,
1990; Jensen et al., 2004) or between morning headache and nocturnal
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SaO2(Greenoughetal.,2002;Neau etal.,2002;Idimanetal.,2004).Thus,the
exactrelationshipbetweentheOSA andheadacheremainscontroversial.
Thisstudyinvestigatedthepossiblerelationshipbetweenheadacheandsleepby
evaluating sleep quality,daytime sleepiness,and specific features related to
sleep-disordered breathing (SDB)—including nocturnal SaO2, apnea-hypopnea
index(AHI),andoxygendesaturationindex(ODI)—inheadachepatients
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II.Subjectsandmethods
1.SubjectsA totalof101subjects(aged 30.3±12.9years,mean±SD)ofboth genders(23
males,78females)sufferingfrom headachewereenroledinthisstudy.Alof
the subjectswere recruited from TMJand the OrofacialPain Clinic,Dental
HospitalofYonseiUniversity,from JunetoNovember2008.Thediagnosisof
headache was based on the ICHD-II.Subjects who had taken preventive
medicationforheadacheorothermedicationsthatcanaffectsleep(e.g.,hypnotics,
barbiturates,antidepressants,andmusclerelaxants)withintheprevious3months
wereexcluded.A totalof128healthysubjects(aged31.80±12.62years)ofboth
genders(56males,62females)withoutheadachewereenroled asacontrol
group.ThestudyprotocolwasapprovedbytheInstitutionalReview ofBoardof
YonseiUniversityHospital,andwritteninformedconsentwasobtainedfrom al
subjects.
2.Methods
2.1.Headachequestionnaire
Atthe firstvisit,subjectsin the headache group completed a self-reported
questionnairein orderto colectinformation on variousaspectsofheadache
atacks.The questionnaire included the headache atack frequency,duration,
severity,intensity,characteristicsofpain(e.g.pressing/tighteningorpulsating),
localization,accompanyingsymptoms,andaggravatingandaleviatingfactors,the
presenceofmorningheadache,andthechronicityofheadache(chronicheadache
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wasdefinedasthepresenceofheadacheattacksonmorethan15overmorethan
3months).
Based on the information obtained from the questionnaire,headache was
diagnosedaccordingtotheICHD-IIcriteriaandthesubjectswereclassifiedinto
thefolowingthreegroups:
1.Migraine(MIG)group:migraineorprobablemigraine.
2.Tension-typeheadache(TTH)group:TTH orprobableTTH.
3. Other-headache group: cluster headache, other primary
headache,orsecondaryheadache.
2.2.MigraineDisabilityAssessment(MIDAS)questionnaire
Al ofthe subjects with headache completed the MIDASquestionnaire.The
MIDAS questionnaireisbased on thenumberofdayswhen productivity is
reducedbyatleasthalfforbothworkoutsidethehomeandhouseholdwork,as
wel asthenumberofdaysofnonworkactivities(family,social,and leisure)
during a 3-month period.TheMIDAS questionnairecomprisesfivedisability
questions,with theMIDASscorecalculated asthesum ofresponsestothese
questions.TheMIDASscoreiscategorized intofourdisabilitygrades(MIDAS
grades). The MIDAS questionnaire exhibits high reliability and internal
consistencyforestimatingmigraine-relateddisability(Liptonetal.,2001;Stewart
etal.,2001;Parketal.,2008).
2.3.Sleep-relatedquestionnaire
Thesubjectivequalityofsleep wasevaluated inal ofthesubjectsusingthe
PittsburghSleepQualityIndex(PSQI)andEpworthSleepinessScale(ESS).
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2.3.1PittsburghSleepQualityIndex(PSQI)
ThePSQIassessessleep qualityduringthepreviousmonth.Itconsistsof19
self-ratedquestionsthatassessawidevarietyoffactorsrelatedtosleepquality,
including sleep duration,latency,and/orfrequency and severity ofspecific
sleep-related problems.These 19 items are grouped into the folowing 7
componentscores,eachweightedonascalefrom 0to3:subjectivesleepquality,
sleeplatency,sleepduration,habitualsleepefficiency,sleepdisturbance,useof
sleepmedications,anddaytimefunction.Thesevencomponentscoresarethen
summedtoyieldaglobalPSQI,whichrangesfrom 0to21.Relativetoclinical
laboratorymeasures,aglobalPSQIofgreaterthan5representsasensitiveand
specificmeasureofpoorsleepquality(i.e.,globalPSQI≤5:goodsleeper,global
PSQI>5:poorsleeper).ThesensitivityandspecificityofthePSQIwerereportedly
89.6% and86.5%,respectively(Buysseetal.1989).
2.3.2EpworthSleepinessScale(ESS)
TheESSisaquestionnairethatassessessleepiness.Thisquestionnairecontains
eightitemsforthe self-reported disclosure ofthe expectation ofdozing in
various situations.The dozing probability is rated from 0 to 3,giving a
maximum possiblescoreof24.Sleepinessisseverewhenthesum exceeds10,
andtheESSscoresforhealthypeoplewithoutOSA andforpatientswithOSA
werereportedly5.9±2.2and11.7±4.5,respectively(Johns,1991,1992).
2.4.Sleepevaluationusingaportablemonitoringdevice
Withtheirconsent,28subjectsselectedrandomlyfrom eachgroupparticipated
inasleepevaluationusingaportablesleep-monitoringdevice.Polysomnography
(PSG)performed overaful nightin alaboratory and with atechnician in
atendanceiscurrently considered thegold standard fordiagnosing SDB-like
conditionssuchasOSA.However,certaindisadvantagesofPSG,suchasitshigh
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costandinconvenience,haveledtoaportablemonitoringdevicebeingproposed
asasubstituteforPSG.
ApneaLinkTM (Resmed Inc.,Poway,California,USA;Fig.1) is a portable
recordingdevicewiththreedatachannels:respiration,oximetry,andpulse.The
deviceconsistsofanasalcannulaand pulseoximeterattached toasmalcase
thathousesa pressuretransducer.TheApneaLinkTM devicehasshown high
sensitivityandspecificity(>80%)comparedwithPSG (Ermanetal.,2007).This
devicewasusedinthepresentstudytoestimatetheAHI,ODI,andthemean
andlowestnocturnalSaO2.AHIwascalculatedbydividingthetotalnumberof
apneaandhypopneaepisodesbythetotalrecordingtime(inhours).Anapnea
episodewasdefinedasadecreaseinairflow byatleast80% relativetobaseline
foratleast10seconds,and ahypopneaepisodewasdefined asadecreasein
airflow by50% to80% relativetobaselineforatleast10seconds.
Fig.1.ApneaLinkTM,ResmedInc.,Poway,California,USA
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2.5.Analysis
StatisticalanalyseswereperformedtocomparethePSQIandESSscoreandthe
ApneaLinkTM parametersbetweentheheadacheandcontrolgroups.Groupswere
compared usingthet-testforcontinuousvariablesand thechi-squaretestfor
analyzing crosstabulations.SAS Version 9.1(StatisticalAnalysisSystem,SAS
Institute,USA)wasusedforalstatisticalanalyses.Thelevelofsignificancewas
setat95%.
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III.Result
3.1.Subjectdemographics
ThecharacteristicsoftheheadacheandcontrolgroupsarereportedinTable1.
In theheadachegroup,49(48.5%)subjectswereclassified into themigraine
group (migraine:30,probable migraine:18),and 49 (48.5%)subjects were
classifiedintotheTTH group(TTH:38,probableTTH:11).Three(3%)subjects
wereclassified into theother-headachegroup (secondary headache:2,cluster
headache:1;Table2).Theother-headachegroup wasexcluded from statistical
analysesbecauseoftheverysmalnumberofsubjects.
Thegenderdistribution differed significantly between themigraineand TTH
groups(p=0.0155),whereastheageanddurationofheadachesufferingdidnot.
Theprevalenceofmorningheadacheandchronicityofheadachewerehigherin
themigrainegroupthanintheTTH group,butthedifferencedidnotreachthe
levelofstatisticalsignificance.Thescoresonthenumericalratingscale(NRS)
and MIDASweresignificantlyhigherinthemigrainegroupthanintheTTH
group (NRS:6.51±1.53 vs 5.02±1.94,p<0.0001;MIDAS score:31.78±54.29 vs
12.67±22.50,p=0.0263).Thecharacteristicsoftheheadachegrouparesummarized
inTable3.
Headachegroup(n=101) Controlgroup(n=118)
Age(years) 30.3±12.9 31.8±12.6
Gender(% female) 77.2% 52.5%
BMI 21.0±3.1 21.9±2.9
Table1.Demographiccharacteristicsinheadachegroupandcontrolgroup
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*Statisticalysignificantatsignificancelevelof95%
Headachetype n n(%)
Migrainegroup(MIG;n=49)
Migraine 30 29.7
Probablemigraine 19 18.8
Tensiontypeheadachegroup(TTH;n=49)
Tensiontypeheadache 38 37.6
Probabletensiontypeheadache 11 10.9
Otherheadachegroup(n=3)
Secondaryheadache 2 2
Clusterheadache 1 1
Total 101 100
Table2.Diagnosticclassificationofheadachegroup
MIG(n=49) TTH(n=49) p
Age(years) 29.8±12.9 30.7±14.3 0.7331
Gender(% female) 87.8% 67.3% 0.0155*
NRS 6.51±1.53 5.02±1.94 <0.0001*
HA duration(years) 6.58±6.16 4.84±5.64 0.1606
Chronicity(%) 40.8% 24.5% 0.0848
Morningheadache(%) 32.7% 16.3% 0.0602
MeanMIDASscore 31.78±54.29 12.67±22.50 0.0263*
Table3.Comparisonofheadachefeaturesinthetwosubgroupsofheadachegroup
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3.2.ResultsforthePSQI
Table4presentsthePSQIresults.ThemeanglobalPSQIwassignificantlyhigher
intheheadachegroup(8.63±3.48)thaninthecontrolgroup(5.80±2.71;p<0.0001).
Theprevalenceofpoorsleepers(PSQI>5)was81.6% intheheadachegroupand
45.8% inthecontrolgroup(p<0.0001).
Accordingtoheadachetype,therewerenosignificantdiferencesinmeanglobal
PSQI(migrainegroup=9.12±3.70,TTH group=8.14±3.20;p=0.1643)andprevalence
ofpoorsleepers(migrainegroup=83.7%,TTH group=79.6%;p=0.6018).
*Statisticalysignificantatsignificancelevelof95%
3.3.ResultsfortheESS
Table5presentstheESSresults.ESSscoresweresignificantlyhigherin the
headachegroup(10.48±4.35)thaninthecontrolgroup(7.53±3.95;p<0.0001).The
prevalenceofseveredaytimesleepiness(ESS>10)was50.5% in theheadache
groupand22.0% inthecontrolgroup(p<0.0001).
Totalheadachegroup(n=98)
Control(n=118) p
Headachetype
Migrainegroup(n=49) TTHgroup(n=49) p
MeanglobalPSQI 8.63±3.48 5.80±2.71 <0.0001* 9.12±3.70 8.14±3.20 0.1643
Poorsleeper(%) 80(81.6%) 54(45.8%)<0.0001* 10(83.7%) 39(79.6%) 0.6018
Goodsleeper(%) 18(18.4%) 64(54.2%) 8(16.4%) 41(20.4%)
Table4.AnalysisofPSQIresult
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Accordingtoheadachetype,therewerenosignificantdifferencesinESSscore
(migrainegroup=10.37±4.78,TTH group=10.59±3.92;p=0.7999)andprevalenceof
severedaytimesleepiness(migrainegroup=51.0%,TTH group=49.0%;p=0.8399).
*Statisticalysignificantatsignificancelevelof95%
3.4.AnalysisofNRSandMIDASscoresaccordingtoPSQIandESSscore
Table6presentstheNRSand MIDASscoresaccordingtothePSQIand ESS.
According to the PSQI, the NRS score was significantly higher in the
poor-sleeper group (4.92±1.52) than in the good-sleeper group (5.53±1.93,
p=0.0347).TheMIDAS scorewasalso significantly higherin thepoor-sleeper
group (25.55±46.19) than in the good-sleeper group (7.44±8.75, p=0.0016).
However,the NRS (p=0.2218)and MIDAS score (p=0.9060) did notdiffer
significantlybetween thesevere-daytime-sleepinessgroup and theno-sleepiness
group.
Totalheadachegroup(n=98)
Control(n=118) p
Headachetype
Migrainegroup(n=49) TTHgroup(n=49) p
MeanESSscore 10.48±4.35 7.57±3.95 <0.0001* 10.37±4.78 10.59±3.92 0.7999
Severedaytimesleepiness(%) 49(50.0%) 26(22.0%)<0.0001* 25(51.0%) 24(49.0%) 0.8399
Nosleepiness(%) 49(50.0%) 92(78.0%) 24(49.0%) 25(51.0%)
Table5.AnalysisofESSresult
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*Statisticalysignificantatsignificancelevelof95%
3.5.AnalysisofPSQIandESSscoreaccordingtochronicityofheadacheand
presenceofmorningheadache
Table7presentsthePSQIandESSscoreaccordingtoheadachechronicityand
severity.TheglobalPSQIwassignificantlyhigherinthechronic-headachegroup
(10.69±4.01)thanintheacute-headachegroup(7.64±2.70,p=0.0003).However,the
prevalence of poor sleepers did not differ significantly between the
chronic-headachegroup(87.5%)andtheacute-headachegroup(78.8%,p=0.2963).
TheESSscoredid notdiffersignificantlybetweenthechronic-headachegroup
(11.5±4.78)and the acute-headache group (9.98±4.07,p=0.1063).However,the
prevalence of severe daytime sleepiness was significantly higher in the
chronic-headache group (65.6%) than in the acute-headache group (42.4%,
p=0.0312).
TheglobalPSQI,ESSscore,prevalenceofpoorsleepers,and severedaytime
sleepinessdidnotdiffersignificantlywiththepresenceofmorningheadache.
GlobalPSQI ESS
Poor-sleeper(n=80) Good-sleeper(n=18) p Severe-daytimesleepiness(n=49)No-sleepiness(n=49) p
NRS 5.53±1.93 4.92±1.52 0.0347* 5.53±1.96 6.00±1.81 0.2218
MIDASscore 25.55±46.19 7.44±8.75 0.0016* 22.74±34.08 21.71±49.78 0.9060
Table6.TheanalysisofNRSandMIDASscoresaccordingtoPSQIandESSscore
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*Statisticalysignificantatsignificancelevelof95%
3.6.ResultsofevaluationbyApneaLinkTM
Sleepwasevaluatedin32subjectsoftheheadachegroupand28subjectsofthe
controlgroup using a portable sleep-monitoring device (ApneaLinkTM).The
recordingtimewasinsufficientinfoursubjectsintheheadachegroup,sotheir
datawereexcludedfrom theanalysis.Theage,gender,andBMIdidnotdiffer
significantlybetweentheheadacheandcontrolgroups.Thecharacteristicsofthe
headacheandcontrolgroupsarepresentedinTable8.
AHIwashigherin theheadachegroup (5.86±6.26)than in thecontrolgroup
(3.43±3.57),butthedifferencedid notreach thelevelofstatisticalsignificance
(p=0.0816).TheprevalenceofSDB (AHI>5)was35.7% in theheadachegroup
and 25.0% in the controlgroup (p=0.3833).TheODIand mean and lowest
nocturnalSaO2alsodidnotdiffersignificantlybetweenthetwogroups.
Chronicheadache(n=32)
Acuteheadache(n=66) p
Morningheadache(n=24)
No-morningheadache(n=74) p
PSQI Mean 10.69±4.01 7.64±2.70 0.0003* 9.0±3.76 8.51±3.40 0.5542Poorsleeper(%) 28(87.5%) 52(78.8%) 0.2963 21(87.5%) 59(79.7%) 0.3930
ESS Mean 11.5±4.78 9.98±4.07 0.1063 11.08±4.85 10.28±4.19 0.4369Daytimesleepiness(%) 21(65.6%) 28(42.4%) 0.0312* 13(54.2%) 36(48.7%) 0.6385
Table7.TheanalysisofPSQIand ESSscoreaccordingtochronicityofheadacheandpresenceofmorningheadache
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TheAHI,prevalenceofSDB,andODIwereslightlyhigherandthemeanand
lowestnocturnalSaO2wereslightlylowerinthemorning-headachegroupthan
intheno-morning-headachegroup.However,noneofthesedifferencesreached
thelevelofstatisticalsignificance(Table9).
Headachegroup(n=28) Controlgroup(n=28) p
Age(years) 34.0±14.1 29.9±11.5 0.2335
Gender(% female) 67.9% 50.0% 0.1744
BMI 21.2±2.9 22.2±2.9 0.2376
MeanAHI 5.86±6.26 3.43±3.57 0.0816
AHI≥5(%) 35.7% 25.0% 0.3833
ODI 3.61±4.79 2.29±3.60 0.2486
AverageSaO2 96.10±1.95 95.86±1.72 0.6126
LowestSaO2 90±4.19 91.71±3.73 0.1117
Table8.ComparisonofApneaLinkTM resultsbetweenheadachegroupandcontrolgroup
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Morningheadache(n=8) No-morningheadache(n=20) p
Age(years) 31.4±13.7 35.1±14.5 0.5380
Gender(% female) 75.0% 65.0% 0.6088
BMI 21.7±4.1 21.0±2.4 0.6288
MeanAHI 7±8.28 5.4±5.44 0.5511
AHI≥5(%) 37.5% 35.0% 0.9007
ODI 3.75±5.15 3.55±4.78 0.9228
AverageSaO2 95.75±1.83 96.20±2.02 0.5500
LowestSaO2 89.63±3.81 90.15±4.42 0.7708
Table9.ComparisonofApneaLinkTM resultsaccordingtopresenceofmorningheadache
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IV.DISCUSSION
Paivaetal.(1995)proposed threemechanismsforexplaining therelationship
between sleep and headache.The first possible mechanism is that sleep
disturbanceisthecauseoftheheadache.Itiswelknownthatsleepdeprivation,
excessivesleep,inadequatesleepduration,andpoorsleeparecommontriggering
factorsformigraineand thatachangein sleep paternsisoneofthemost
commonprecipitatingfactorsofbothmigraineandTTH (Sahota& Dexter,1990).
The second possible mechanism isthatheadache isthe cause ofthe sleep
disturbance.Manystudieshavefoundthatheadachecancausesleepdisruption
andsleeploss(Sahota& Dexter,1990;Paivaetal.,1992;Aaltonenetal.,2000).
The third possible mechanism isthatthere isan association between sleep
disturbanceandheadache,andthattheycanoccurtogetherforvariousreasons
suchasmedicalconditions(e.g.,analgesicoveruse)orpsychiatricdisorders(e.g.,
depression oranxiety)(Dodick etal.,2003).However,despitemany previous
studies,themechanism underlyingtherelationshipbetweensleepandheadache
remainsunclear.
Many clinicalstudieshavealso suggested thatnumeroussleep disorders—not
only sleep deprivation or sleep disturbance—are associated with primary
headachesyndromes.Amongthevarioustypesofheadache,particularlymorning
headache(or"awakening"headache)and chronicheadachecould bestrongly
relatedtosleepdisorder,andmanagementofthesleepdisordermightimprove
orresolvetheheadache(Rains& Poceta,2006).OSA isoneofthemostcommon
sleep disorders and itincludes morning headache as a diagnostic feature
(ICSD-revised,1997).Severalstudieshaveinvestigated therelationship between
morningheadacheandsleepdisordersincludingOSA.Paivaetal.(1995)applied
PSG to 25 patientswith morning headache,which revealed sleep disorders
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including OSA in 13(52%)patients(Paivaetal.,1995).Ulfberg etal.(1996)
reportedthatmorningheadachewasaboutthreetimesmorecommoninheavy
snorers and patients with OSA than in the general population. In the
retrospectivestudyofLohetal.(1999)involving80consecutiveOSA patients,
41% reported morningheadache.Thoseauthorssuggested thattheseverityof
headache is positively correlated with OSA severity and nocturnaloxygen
desaturation. Göder et al. (2003) examined morning headache in 432
sleep-disordered patients who underwentPSG and 30 healthy controls,and
foundthattheprevalenceofheadachewassignificantlyhigherinpatientswith
sleepdisorderthanincontrols(34% vs7%).Albertietal.(2005)alsoreported
thatmorning headache was presentin 74% ofOSA patients and thatits
occurrencewassignificantlycorrelated with nocturnaloxygen desaturation and
OSA severity.Theassociationofclusterheadachewithsleepdisordersincluding
OSA hasalsobeeninvestigated.Graff-Radford and Newman(2004)studied 31
clusterheadache patientswho underwentPSG,and found that80% ofthe
patientsexperiencedOSA.Similarly,Nobreetal.(2005)foundthattheincidence
ofOSA was8.4-foldhigherin37clusterheadachepatientswhounderwentPSG
thaninage-andgender-matchedcontrols.
However,contradictingstudieshavealsobeenreported.AldrichandChauncey
(1990)reviewed clinicaland PSG dataof304patientswith sleep apnea,and
compared thefindingswith normalcontrolsubjects.They concluded thatthe
presenceoffrequentmorningheadachesisanonspecificsymptom in patients
withsleepdisordersandhenceisnotaconsistentorreliableindicatorofsleep
apneasyndrome.Jensenetal.(2004)usedPSG toexaminewhethersleepapnea
ismoreprevalentinpatientswithheadache,and found thatthefrequencyof
OSA wasnohigherinpatientsreferredtospecialistsforheadacheproblemsthan
in thegeneralpopulation.Greenough etal.(2002)examined therelationship
betweennocturnalSaO2andheadachesyndrome,andfoundthatthepercentage
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oftimespentwithnocturnalhypoxiadidnotdiferbetweenheadachepatients
and non-headache controls.Also,Neau etal.(2002)demonstrated thatthe
nocturnalSaO2 and AHIdid notdifersignificantly between patients with
headache and controls without headache.Idiman et al.(2004) found no
statisticalysignificantrelationshipbetweenheadacheandAHIandminimalSaO2
in75patientswithsleepapneasyndrome.
Theaboveresultstogetherindicatethattheexactrelationshipbetweenheadache
andsleepisnotfulyunderstood,andremainscontroversial.Thispromptedthe
presentstudytoinvestigatetherelationshipbetweenheadacheandsleepquality
using self-administered questionnaires including the PSQIand ESS,and to
evaluatespecificfeaturesofsleep(e.g.,AHI,ODI,andnocturnalSaO2)usinga
portablesleep-monitoringdeviceinheadachepatients.
Asexpected,the subjective quality ofsleep wassignificantly worse in our
headachegroupthaninourcontrolgroup.TheglobalPSQI,prevalenceofpoor
sleepers,andseverityofdaytimesleepinesswerehigherintheheadachegroup
thaninthecontrolgroup.TheseresultsareinagreementwiththestudyofGori
etal.(2005)on the relationship between headache and sleep quality.They
reported thatsubjectivesleep quality wasworsein migrainepatientsthan in
controls(asevaluated by the PSQI),and thatamong migraine patients,the
morning-headachegroup showed worsesleep qualityand higherMIDASscore
(Gorietal.,2005).
Thepresentstudyalsoinvestigatedtherelationshipsofspecificheadachefeatures
withsleepqualityandsleepiness.Sleepqualitytendedtobeworseinpatients
withmoresubjectivelysevereheadache(asestimatedbytheNRSandMIDAS
score).TheNRSandMIDASscorewerehigherinthepoor-sleepergroupthan
inthegood-sleepergroup.However,headacheseveritywasnotrelated tothe
severity of daytime sleepiness.Chronicity of headache also showed some
association with sleep quality and daytime sleepiness.The globalPSQIwas
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significantly higherin thechronic-headachegroup than in theacute-headache
group.TheESSscorewasalsohigherinthechronic-headachegroup,butthe
difference did notreach the levelof statisticalsignificance.However,the
prevalence of severe daytime sleepiness was significantly higher in the
chronic-headachegroup.Therefore,itcanbeconcludedfrom thepresentresults
thatsleepqualitytendstobeworsealongthosewithmorechronicandsevere
headache.
However,thepresenceofmorningheadachewasnotsignificantlyassociatedwith
sleepqualityordaytimesleepiness.Althoughthesleepqualitywasworseand
theprevalenceofdaytimesleepinesswashigherinthemorning-headachegroup
thanintheno-morning-headachegroup,thediferencesdidnotreachthelevel
ofstatisticalsignificance.Thesefindingsdo notagreewith apreviousstudy
finding thatsleep quality tended to beworsein morning headachesufferers
(Gorietal.,2005),butthediscrepancy mightbedueto therelatively smal
morning-headache group.Therefore,further study with a larger number of
subjectsisneededtoclarifytheassociationbetweenmorningheadacheandsleep
quality.
TheApneaLinkTM datarevealed thattheAHI,ODI,and both themean and
lowestnocturnalSaO2 did notdiffersignificantly between theheadacheand
controlgroups.Although theAHIwasslightlyhigherin theheadachegroup
than in the control group,the diference was not statisticaly significant
(p=0.0816).ThisresultisinagreementwiththestudyofIdimanetal.(2004).
Also,theprevalenceofSDB (AHI≥5)did notdifersignificantly between the
headacheandcontrolgroups.TheprevalenceofSDBinthecontrolgroupwas
25%,similarto the prevalence in normalmiddle-aged Koreans (men:16%,
women:27%;Kim etal.,2004).TheprevalenceofSDBinourheadachegroup
was35.71%,butdidnotdiffersignificantlyfrom thatinthecontrolgroup.
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Severalpreviousstudieshave found a significantrelationship between AHI,
nocturnalSaO2,andpresenceofmorningheadache(Lohetal.,1999;Albertiet
al.,2005),whereasthepresentstudyfoundthattheAHI,prevalenceofSDB,and
nocturnalSaO2did notdiffer significantly with the presence or absence of
morning headache.These results conflictwith the hypothesis thatnocturnal
hypoxiaisacauseofmorningheadache,andconfirm previousstudiesfinding
noassociationbetweenmorningheadacheandnocturnalhypoxia(Greenoughet
al.,2002;Neauetal.,2002;Idimanetal.,2004).
Thepresentstudywassubjecttosomelimitations.First,thestudywasbased
only on self-reported and subjective information aboutheadache and sleep.
Second,theanalysisofsleepwasnotbasedonPSG.Althoughthegoldstandard
diagnostictechniqueforthesleepstudyisatendedovernightPSG,assuggested
bytheAmericanSleepDisordersAssociation,problemsofitshighcost,patient
agreement,andsomeclinicalregulationsledtothisstudyemployingaportable
sleep-monitoring device.Third,thisstudy included a fairly smal numberof
subjects,whichresultedinsomedifficultiescontrolingexternalfactorssuchas
theageandgenderdistributions.
Insummary,thepresentstudyhasconfirmed previousstudiessuggestingthat
therearesignificantassociationsbetweensleepquality,daytimesleepiness,and
headache.Ontheotherhand,nocturnalhypoxiawasnotfoundtobeassociated
with headache.Futurestudiesapplying PSG to largersamplesareneeded to
furtherelucidatetheassociationbetweensleepandheadache.
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V.Conclusion
This study investigated the relationship between headache and sleep by
evaluatingsleepquality,daytimesleepiness,andspecificfeaturesrelatedtoSDB
(includingmeanAHI,prevalenceofSDB,nocturnalSaO2, ODI)in101patients
with headache and 128 healthy controls withoutheadache.The results are
summarizedasfolows.
1.Sleep qualitywassignificantly associated with headache.TheglobalPSQI
and the prevalence ofpoorsleeping (globalPSQI>5)were significantly
higherintheheadachegroupthaninthecontrolgroup(bothp<0.0001).
2.Daytimesleepinesswassignificantly associated with headache.ESSscores
andtheprevalenceofdaytimesleepiness(ESSscore>10)weresignificantly
higherintheheadachegroupthaninthecontrolgroup(bothp<0.0001).
3.Sleepqualitywassignificantlyassociatedwithheadacheseverity.Themean
scoresonthenumericalratingscaleandtheMIDASweresignificantlyhigher
in the poor-sleepergroup than in the good-sleepergroup (p=0.0347 and
p=0.0016,respectively).However,daytime sleepiness was notsignificantly
associatedwithheadacheseverity.
4.Headache chronicity was significantly associated with sleep quality and
daytimesleepiness.TheglobalPQSIand prevalenceofdaytimesleepiness
were significantly higher in the chronic-headache group than in the
acute-headachegroup(p=0.0003andp=0.0312,respectively).However,morning
- 23 -
headache was notsignificantly associated with sleep quality ordaytime
sleepiness.
5.The AHI,ODI,prevalence ofSDB,and nocturnalSaO2 did notdiffer
significantlybetweentheheadacheandcontrolgroups.
6.The AHI,ODI,prevalence ofSDB,and nocturnalSaO2 did notdiffer
significantlybetween themorning-headachegroup and no-morning-headache
group.
The obtained resultsindicate thatthere isa significantassociation between
headacheand sleep.Among variouscharacteristicsofheadache,severity and
chronicityweresignificantlyassociatedwithsleepqualityanddaytimesleepiness,
whilenostatisticalysignificantassociationwasevidentbetweenheadacheand
nocturnalhypoxiaorSDB.
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국문요약
두통환자의 수면 양상에 대한 연구
두통과 수면과의 상관관계는 여러 연구들에 의해 보고되어 왔다.하지만 이들 간
의 정확한 상관관계는 아직 명확히 밝혀지지 않았으며 현재까지도 논란이 계속되고
있다.본 연구는 두통 환자의 수면 양상에 대한 분석을 통하여 두통과 수면과의 상
관관계에 대하여 조사 하는 것을 목적으로 하였다.
총 101명의 두통 환자 및 128명의 두통이 존재하지 않는 건강한 대조군이 본 연
구에 참여하였다.두통군은 두통의 특성에 대한 문진 및 Migraine Disability
Assessment(MIDAS)설문을 시행하였으며,모든 참가자는 PitsburghSleepQuality
Index(PSQI)와 EpworthSleepinessScale(ESS)를 이용하여 수면의 질 및 주간졸
리움증의 정도를 평가하였다.추가적으로 두통군과 대조군 각각 28명의 참가자를 임
의 선정하여 간이수면검사기인 ApneaLinkTM (ResmedInc.,Poway,California,USA)를
이용하여 수면무호흡-저호흡지수 (AHI,Apnea-hypopnea index),산소불포화지수
(ODI,Oxygendesaturationindex),야간산소포화도 (nocturnaloxygensaturation)
및 수면장애호흡 (SDB,sleepdisorderedbreathing)의 유병률에 대하여 조사하였다.
연구 결과는 다음과 같다.
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1.두통과 수면의 질 사이에는 유의한 상관관계가 관찰되었다.GlobalPSQI는 대
조군에 비하여 두통군에서 현저히 높게 나타났으며 (p<0.0001),수면의 질이 저하된
poor sleeper (GlobalPSQI score>5)의 비율 또한 두통군에서 현저히 높았다
(p<0.0001).
2.두통과 주간졸리움증 사이에는 유의한 상관관계가 관찰되었다.ESSscores는 대
조군에 비하여 두통군에서 현저히 높게 나타났으며 (p<0.0001),주간졸리움증 (ESS
score>10)이 유병률 또한 두통군에서 현저히 높았다 (p<0.0001).
3. 수면의 질은 두통의 강도와 유의한 연관성을 보였다.poorsleepergroup은
goodsleepergroup에 비하여 높은 NRS(p=0.0347)및 MIDASscore(p=0.0016)를
나타내었다.반면,주간졸리움증은 두통의 강도와 유의할 만한 연관성을 보이지 않
았다.
4.두통의 만성도는 수면의 질 및 주간졸리움증과 유의한 연관성을 보였다.만성
두통군은 급성 두통군에 비하여 높은 globalPSQI(p=0.0003)및 주간졸리움증의 유
병률 (p=0.0312)을 나타내었다.하지만 기상 시 두통 (morningheadache)의 존재 유
무는 수면의 질 또는 주간졸리움증과 유의할 만한 연관성을 보이지 않았다
5.두통군과 대조군간의 수면무호흡-저호흡지수,산소불포화지수,수면장애호흡의
유병률,야간산소포화도는 유의할만한 차이를 보이지 않았다.
6.기상 시 두통이 존재하는 군과 그렇지 않은 군 간의 수면무호흡-저호흡지수,산
소불포화지수,수면장애호흡의 유병률,야간산소포화도는 유의할만한 차이를 보이지
않았다.
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상기 연구 결과에 기초하였을 때,두통과 수면 사이에는 유의한 연관성이 존재하
는 것으로 보인다.특히 두통의 강도 및 만성도는 수면의 질과 주간졸리움증과 유의
한 연관성을 나타냈다.하지만,본 연구에서는 두통과 야간저산소증 (nocturnal
hypoxia)또는 수면장애호흡의 존재 유무 사이의 유의할만한 연관성을 발견할 수
없었다.
핵심되는 말 :두통,수면의 질,주간졸리움증,야간저산소증,수면장애호흡
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APPENDIX
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두통 평가 설문지(Migraine Disability Assessment)
병록번호 :              환자 이름 :                           년     월     일
이 설문지는 두통의 정도와 두통으로 인해 유발되는 불편감이 어느 정도인지를 평가하고 가장 적절한 치
료를 결정하는데 도움을 주기 위한 것입니다. 지난 3개월 동안 있었던 두통에 대해 다음 질문에 답해주
십시오. 각 질문에 있는 괄호 안에 답을 적어 주시면 됩니다. 지난 3개월간 아래 질문과 관련된 일을 하
지 않았으면 0을 적어주시면 됩니다.
1. 두통으로 인해 지난 3개월간 직장을 쉬거나 학교에 가지 못한 날이 몇 일 정도 됩니까? (만약 직장이
나 학교를 다니지 않는다면 괄호 안에 0을 적으십시오.)   (    )일
2. 두통으로 인해 지난 3개월간 직장이나 학교에서의 업무 능률이 반 이상 감소했다고 생각되는 날이 몇 
일 정도 됩니까? (1번 질문에 해당되는, 직장이나 학교를 쉰 날은 포함하지 않습니다. 직장이나 학교를 
다니지 않는다면 괄호 안에 0을 적으십시오.)   (    )일
3. 두통으로 인해 지난 3개월간 집안일을 하지 못한 날이 몇 일 정도 됩니까?   (    )일
4. 두통으로 인해 집안일을 하는 정도가 반 이상 감소했다고 생각되는 날이 몇 일 정도 됩니까? (3번 질
문에 해당되는, 집안일을 전혀 하지 못한 날은 포함하지 않습니다.)  (    )일
5. 두통으로 인해 지난 3개월간 가족모임, 사교활동, 여가활동 등에 참석하지 못한 날이 몇 일 정도 됩니
까?   (    )일
                                                                                (1-5 항목) 합계
A. 지난 3개월간 두통이 있었던 날이 몇 일 정도 됩니까? (두통이 하루 이상 지속된 경우, 지속된 날만
큼 일수를 적으십시오.)   (    )일
B. 0-10 사이의 숫자를 이용하여 평균적인 두통의 정도를 표시하십시오. (통증이 전혀 없는 경우 0에 
해당하고, 상상할 수 있는 가장 심한 통증은 10에 해당합니다.)   (    )
MIDAS GRADE DEFINITION
MIDAS SCORE
(1-5 항목 합계)
Ⅰ Little or no disability 0-5
Ⅱ Mild disability 6-10
Ⅲ Moderate disability 11-20
Ⅳ Severe disability 21＋
- 35 -
The Pittsburgh Sleep Quality Index (수면의 질 지수)
다음의 질문들은 지난 한달 동안의 당신의 수면 습관들에 관련된 문항들입니다. 
 1. 지난 한달 동안 몇 시에 잠자리에 들었습니까?                           시      분
 2. 지난 한달 동안 밤마다 잠드는데 얼마나 오래 걸렸습니까?                          시간     분
 3. 지난 한달 동안 아침에 몇시에 일어났습니까?                           시      분
 4. 지난 한달 동안 실제로 잠잔 시간은 하루에 평균 얼마나 됩니까?                      시간     분
   (잠자리에서 누워있는 시간과 실제로 잠잔 시간은 다릅니다.)
5. 지난 한달 동안 잠자는데 얼마나 자주 어떤 문제가 
   있었습니까? (해당 칸에 체크표시 해주세요)
한번도 
없었다
한주에 
한번보다 
적게
한주에 
한두 번 
정도
한주에 
세 번 이상
   a. 30분 이내로 잠들 수 없다.
   b. 한밤중이나 새벽에 깬다.
   c. 화장실에 가려고 일어난다.
   d. 편안하게 숨 쉴 수 없다.
   e. 기침을 하거나 시끄럽게 코를 곤다.
   f. 너무 춥다.
   g. 너무 덥다.
   h. 악몽을 꾼다.
   i. 통증이 있다.
   j. 그 외에 다른 이유가 있다면 아래에 적어주시고 
     빈도도 표시해 주세요. : 
                                                 
6. 지난 한달 동안 당신의 전반적인 수면의 질은 어느 정도라
고 평가하십니까?
매우 좋은
상당히 
좋은
상당히 
나쁜
매우 나쁜
7. 지난 한달 동안 잠들기 위해 얼마나 자주 약을 복용하였습
니까?
한번도 
없었다
한주에 
한번보다 
적게
한주에 
한두 번 
정도
한주에 
세 번 이상
8. 지난 한달 동안 운전하거나, 식사 때 또는 사회활동을 하는 
동안 얼마나 자주 졸음을 느꼈습니까?
한번도 
없었다
한주에 
한번보다 
적게
한주에 
한두 번 
정도
한주에 
세 번 이상
9. 지난 한달 동안 하는 일에 열중하는데 얼마나 많은 어려움
이 있었습니까?
전혀 없음 아주 약간 약간 매우 큼
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성명 :                                         등록번호 : 
Epworth Sleepiness Scale (주간 졸음 진단표)
아래 척도를 이용하여 각 상황에서 자신에 가장 적합한 사항을 선택하세요.
0 - 전혀 졸리지 않음
1 - 약간 졸림
2 - 상당히 졸림
3 - 매우 많이 졸림 
※각 상황을 잘 읽어보시고 본인이 느끼는 졸리움의 정도에 체크표시 하십시오.
 
신장 : 
체중 : 
상 황 졸리움 정도(0~3)
 앉아서 책을 읽을 때 0 1 2 3
 TV를 볼 때 0 1 2 3
 공공장소에서 가만히 앉아 있을 때(예, 극장에서나 회의를 할 때) 0 1 2 3
 한 시간 이상 계속 운행 중인 차 속에 승객으로 있을 때 0 1 2 3
 오후에 쉬면서 혼자 누워 있을 때 0 1 2 3
 앉아서 상대방과 대화 하고 있을 때 0 1 2 3
 술을 마시지 않고 점심 식사 후 조용히 앉아 있을 때 0 1 2 3
 교통체증으로 몇 분 동안 정차해 있는 차 안에서 0 1 2 3
총 점
